
Dark Photons at LHCb

Constantin Weisser, MIT
US LUAM 

October 26 2018 
Slides adapted from Mike Williams

A’

𝜇

𝜇



Dark Forces

 2

A Model of Dark Particle Physics?

How rich is the dark sector of matter?
Mike Williams 9

dark
higgs?

dark
quarks?

dark
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dark
forces?

Dark
nucleons

and nuclei?

What if there is no connection between the SM  
and dark sector up to the Planck scale? 

lightest DM particle could be 
stable because it’s (dark) charged
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Dark Forces

DM force carriers can couple to SM via a Portal.
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To members of the award committee,

This letter is in support of the application of Maria Patsyuk, who has applied for
the Leona Woods distinguished postdoctoral lectureship award. I am the founder and
leader of the LHCb group at MIT, a member of both the LHCb Collaboration and
Editorial boards, and the founder and leader of the MIT GlueX group. I have known
Maria since 2015, when she started working as a postdoc in my GlueX group.

The Detection of Internally Reflected Cherenkov light (DIRC) detector was a revo-
lutionary particle-identification system employed by the BaBar experiment at SLAC.
A novel upgrade to this system known as the Focusing DIRC (FDIRC) was designed
to maintain the amazing DIRC performance but with a greatly reduced number of
PMTs required—thus also greatly reducing the cost of such a system. Unfortunately,
the SuperB experiment in which the FDIRC was meant to be installed was canceled;
however, the DIRC and FDIRC concepts live on, as they have now been adopted by
many existing and future experiments.

My group at MIT led the design R&D for a DIRC-type detector planned for use at
Je↵erson Lab. Since joining our group, Maria as been the leader of our DIRC e↵orts.
She has done amazing work on developing its simulation in Geant, on designing a
laser-based calibration system, and designing and prototyping a method for preserving
as much Cherenkov light as possible using silicon cookies to join the PMTs to the
quartz exit window from the DIRC optical box. Maria does excellent work, and is
able to lead e↵orts like this largely independently. This is quite impressive for a junior
postdoctoral researcher.

Maria has also been working with Prof. Or Hen on developing a novel program
to study short-range correlations in nucleons using nuclear targets at GlueX—and on
similar projects in Russia. She is becoming a true leader in that area of nuclear physics,
which is even more impressive given her hardware commitments.

In summary, Maria Patsyuk is an excellent young physicist. I highly recommend
Maria for this lectureship award. She has done excellent work as a postdoctoral re-
searcher, and I have no doubt that she has a bright career ahead of her. Please do not
hesitate to contact me with any questions or if any further information is required.

↵0 = "2↵
Sincerely,

Associate Professor of Physics
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Dark Photons

The A’ establishes a well motivated portal.  
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If mA’ < 2 mDM then visible decays to SM.
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Shaded blue: 2016 results;     Light blue lines: Predicted Run 3 (2021 - 2023) reach;



LHCb Run 2 Extensions

A’ → e+ e-

No Iso 
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A’ → 𝜇+ 𝜇-
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Can the portals help us discover dark matter?  





Backgrounds LHCb Inclusive A’ → 𝜇+ 𝜇-

•  Irreducible 𝜸* → 𝜇+ 𝜇- 
•  Resonant decays to dimuons 
•  For each muon: 

• Misidentification of a prompt 
hadron as a muon 

• Misreconstruction of a muon 
produced in a heavy-flavour decays 

• Photon conversions to mu mu in the 
silicon-strip vertex detector (the 
VELO) 

• B-hadron decays producing two real 
muons  

• Low-mass tail from K0S →  𝝅+ 𝝅-, 
where both pions are misidentified as 
muons 


